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(54) METHOD FOR RECOVERING REUSABLE MATERIAL FROM USED LITHIUM BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To recover reusable material by 
one crushing by roasting used lithium batteries, crushing, and 
magnetically separating a magnetic material and a non-magnetic 
material. 

SOLUTION: Used lithium battery raw material 1 is roasted with 
a roasting furnace 3, crushed with a crushing machine 2 in to 
the dimensions suitable for magnetic separation. A magnetic 
material in the crushed materials is separated from a non- 
magnetic material with a magnetic separator 7, then they are 
separately sieved with a sieving machine 8. In the roasting of 
the raw material 1, an organic material is decomposed, burned, 
and vaporized to generate CO gas. In low temperature roasting, 
reduction of metallic lithium by CO gas is insufficient, load in 
rushing is made large, and in high temperature roasting, the raw 
material 1 is melted and coagulated to make crushing difficult. 
Roasting at 800-1 000°C is preferable. The magnetic material 
and the non-magnetic material are magnetically separated, the 
magnetic material is used as a heat resistant alloy material and 
the non-magnetic material is used as the raw material of 
copper. In the sieving machine 8, the magnetic material is separated into powdery cobalt and plate- 
shaped or block iron component, and the non-magnetic material is separated into foil-shaped copper 
and powdery aluminum. Reusable materials are recovered and load in crushing is lightened. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The valuables recovery approach from the used lithium cell characterized by roasting a used 
lithium cell, crushing and carrying out magnetic separation of the obtained roast object, and classifying in a 
magnetic matter and a nonmagnetic object. 

[Claim 2] The valuables recovery approach from the used lithium cell according to claim 1 characterized by 
classifying to the plus sieve which carries out the magnetic matter classified by said magnetic separation a 
screen exception, and mainly consists of iron scrap, and the minus sieve which mainly consists of cobalt. 
[Claim 3] the nonmagnetic object classified by said magnetic separation ~ a screen exception carrying out 
— aluminum — a rich minus sieve and copper — the valuables recovery approach from the used lithium cell 
according to claim 1 or 2 characterized by classifying to a rich plus sieve. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the valuables recovery approach from a used lithium cell. 
Since it has the features, such as small, a light weight, and energy-density size per volume, the lithium cell is 
used as a power source of a cellular phone, PHS, a video camera, a notebook computer, etc. 
[0002] The main component part of a lithium cell is a separator which consists of a steel case, the negative- 
electrode plate which consists of copper foil, a positive-electrode plate which applied metal acid lithiums 
(metal = Mo, Co, nickel, etc.) to aluminum foil, polyethylene, etc. Since Mo, Co, nickel, etc. which are 
contained in the metal acid lithium are a valuable metal, some recovery approaches are proposed. 
[0003] 

[Description of the Prior Art] According to JP,6-322452,A, roasting over a non-oxidizing atmosphere the 
debris except magnetic matters, such as metal nickel classified by carrying out magnetic separation of the 
debris of a used lithium secondary battery, or carrying out reducing roasting by the reducing atmosphere, 
and carrying out magnetic separation of the obtained roast object is proposed. The roast in the inside of the 
non-oxidizing atmosphere in the above-mentioned approach is a process for returning a metallic oxide by 
the carbonaceous material contained as carbon of a separator and negative-electrode material etc., and the 
last magnetic separation is a process for separating nickel and cobalt from copper etc. 

[0004] According to JP,6-346160,A, removing a binder, a solvent, etc., crushing a roast object, carrying out 
a screen exception, and using a minus sieve as the raw material of refinement is proposed by roasting a used 
lithium secondary battery. 
[0005] 

[Problem(s) to be Solved by the Invention] In above-shown JP,6-322452,A, although the used lithium 
secondary battery is crushed directly, this crushing is difficult compared with crushing of a roast object. 
Furthermore, since direct magnetic separation of the debris is carried out to roast **** in order to mitigate 
the burden of roast, the magnetic separation which separates a nonmagnetic object and a magnetic matter is 
before and after roast, and is performed twice. Next, by the approach of JP,6-346160,A, since recovery of 
nickel and Co is left to a refinement process, it has the room of an improvement in the field of heat energy. 
[0006] 

[Means for Solving the Problem] This invention is characterized by aiming at collecting valuable metals 
from a used lithium cell by the approach which makes grinding easy and can be managed with 1 time of 
magnetic separation, roasting a used lithium cell, crushing and carrying out magnetic separation of the 
obtained roast object, and classifying in a magnetic matter and a nonmagnetic object. Hereafter, the 
approach of this invention is explained in detail. 

[0007] First, by roasting a used lithium cell in the approach of this invention, while decomposing and 
burning and volatilizing the organic substance, such as polypropylene and an n-methyl-2-pyrrolidone, CO 
used as reducing gas is generated. Since it becomes inadequate if too low the metal acid lithium by CO gas 
which occurs by disassembly of the organic substance returning roast temperature, and the burden of 
crushing becomes large, a roast object will carry out melting coagulation if too high on the other hand, the 
crushing becomes difficult, and copper melting happens and a furnace is damaged, 550-1 100 degrees C is 
desirable, and is 800-1000 degrees C more preferably. 

[0008] The heating furnace for roast can be performed by fixed furnaces, such as an electric furnace and an 
oil furnace, although limitation is not carried out. In this case, the bottom direct fire heating stationing 
furnace of a stoker can be used. A used lithium cell accumulates a part for one batch on a stoker, and from 
the upper part of a furnace, the gas duct of a combustion gas is prepared, and it performs roast, discharging 
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combustion gas suitably. When it roasts without crushing a used lithium cell, combustion of the organic 
substance described above inside the cell, generating of CO gas, etc. take place, and reduction of an oxide 
progresses in the space within the case of a cell. As for ferrous oxide, nickel oxide, cobalt oxide, etc., most 
is returned by this roast, and, on the other hand, copper foil etc. is maintaining the metal gestalt by it. 
Aluminum fused and has adhered to which powder, a lump, etc. thinly. As for the roast object obtained, 
about 70 - 90% of the weight of a metal powder, a lump, a network, a foil, a plate, or these are maintaining a 
part of joint structure in a cell to the used lithium cell. Some non-burned carbon, the organic substance, etc. 
are contained other than a metal. 

[0009] Next, a roast object is crushed. It is the actuation make it easy for this crushing to have the above- 
mentioned various gestalten, and to arrange a roast object with a various dimension with a moderate 
dimension, to separate what is maintaining the structure of a cell to material gestalten, such as powder, a 
plate, and a foil, and to divide into a magnetic matter and a magnetic matter-ed by the following magnetic 
separation. As a crusher, although not limited, a 1 shaft crusher etc. can be used preferably. Moreover, 
crushing is JIS. Z It is desirable to make it set to less than 20mm by the standard sieve of 8801 . In crushing 
by this invention method after roast, in order to crush the cell whose weight does not crush the cell itself 
directly, but is once crushed to some extent by roast, and is decreasing, the burden of crushing is mitigated. 
Moreover, since almost all rates are metals and a roast object does not almost have carbon with difficult 
crushing, and the organic substance, the burden of crushing is mitigated even in this field. 
[0010] Magnetic separation is performed at the process of the last of this invention. This is a process for 
classifying the roast object of iron, such as a roast object of metal lithium acid chloride which is a magnetic 
matter, and a case, from a nonmagnetic object. Although it was thought that cobalt and the alloy of 
aluminum would generate since the aluminum foil which supports metal lithium acid chloride fused in roast, 
it turned out that there are many rates which are united with the copper foil whose aluminum is a negative- 
electrode ingredient also unexpectedly. Therefore, the magnetic matter classified by magnetic separation has 
little aluminum. The magnetic matter obtained as mentioned above can be used as raw materials, such as a 
heat-resistant alloy, as it is. A nonmagnetic object can be used as a copper raw material. 
[001 1] Furthermore, when it is required to separate a part for Fe Rich and Co Rich, it is JIS preferably about 
a magnetic matter. Z If it carries out above a screen exception with less than 420-5000 micrometers by the 
standard sieve of 8801, a plus sieve will serve as an iron scrap and a minus sieve will be classified as a 
cobalt raw material. In the debris after roast, the cobalt of such judgment being possible is powdered 
generally, and iron is generally based on a plate and a massive thing. When similarly it is required to 
separate Cu rich part and aluminum rich part in a nonmagnetic object, it is JIS preferably about a 
nonmagnetic object. Z A screen exception, then a plus sieve become with the former by the standard sieve 
of 8801 at less than 420-5000 micrometers and the above, and a minus sieve serves as the latter. Thus, in the 
debris after roast, the copper of the ability to classify is a foil-like generally, and aluminum is because it is 
granular generally. Even if it replaces the explanation about Co of a more than with nickel, it is the 
completely same thing. That is, since nickel is a magnetic matter, it is recoverable by the same approach as 
Co. 

[0012] Hereafter, with reference to the flow chart for carrying out this invention, it explains more 
concretely. A used lithium cell is used as a raw material 1, and is inserted in the roasting furnaces 3, such as 
an electric furnace or an oil furnace, 400kg, for example. If the valuable metal inclusion by which roast was 
carried out amounts to several t, crushing to the dimension which is suitable for magnetic separation by the 
crusher 2 will be performed. A spall is classified by a magnetic matter and the nonmagnetic object with the 
magnetic separator 7 which uses two sets of conveyors, and an electromagnet as an element. A magnetic 
matter and a nonmagnetic object are classified by a plus sieve and the minus sieve with the machine 8 
according to screen. In addition, for a dust collection facility and 4, as for a portable conveyor and 10, a 
suction fan and 8 are [ 3 / a plus sieve container bag and 1 1 ] minus sieve container bags. An example 
explains this invention in more detail below. 
[0013] 

[Example] The metal presentation of a raw material was as follows. 

[0014] 

[Table 1] 
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Cu 


Co 


Fe 


A 1 




7.5 


12.0 


34.0 


4.0 


mmt 


0. 75 


1.2 


3.4 


0.4 




100 


100 


100 


100 



[0015] Although it became the decrease of weight of 2.2ton when raw material lOton was roasted over 1000 
degrees C for 1 hour, the metal presentation did not change. Next, magnetic separation was performed and 
magnetic matter 6.0ton and nonmagnetic object 1 .8ton were obtained. Each presentation is as in Table 2 and 
3. 

(Following margin) 

[0016] 

[Table 2] 





Cu 


Co 


Fe 


A 1 




1.0 


19.0 


52.0 


1.2 


mmt 


0.06 


1.14 


3.1 


0.1 


4MB % 


8 


9.5 


91 


25 



[0017] 
[Table 3] 





Cu 


Co 


Fe 


A 1 


SASL% 


38.3 


3.3 


16.7 


16.7 


sat 


0.69 


0.06 


0.3 


0.3 




92 


5 


9 


75 



[001 8] Then, the minus sieve (3.0ton) shown in the plus sieve (3.2ton) and Table 5 which carrying out a 

magnetic matter a screen exception with the machine according to screen (five meshes), and showing in 

Table 4 was obtained. 

(Following margin) 

[0019] 

[Table 4] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 9/19/2006 



JP,10-074539,A [DETAILED DESCRIPTION] 



Page 4 of 5 





Cu 


Co 


Fe 


A 1 




0.0 


0.0 


93.3 


0.0 




0.0 


0.0 


2.8 


0.0 


#BE96 


0.0 


0.0 


82 


0.0 



[0020] 
[Table 5] 





Cu 


Co 


Fe 


A 1 




2.0 


38.0 


10.0 


3.3 


ffiSt 


0.06 


1.14 


0.3 


0.1 




8 


95 


9 


25 



[0021] Moreover, the minus sieve (0.4ton) shown in the plus sieve (1 .4ton) and Table 7 which making a 

nonmagnetic object the same a screen exception with the machine according to screen (five meshes), and 

showing in Table 6 was obtained. 

(Following margin) 

[0022] 

[Table 6] 





Cu 


Co 


Fe 


A 1 




46.2 


0.0 


23.1 


7.2 


SSt 


0.6 


0.0 


0.3 


0.1 


4^82% 


80 


0 


9 


25 



[0023] 
[Table 7] 





Cu 


Co 


Fe 


A 1 




18.0 


12.0 


0.0 


40.0 


SSt 


0.09 


0.06 


0.0 


0.2 




12 


5 


0 


50 



[0024] As explained above, according to this invention, Co(es) can be collected as a minus sieve of a 
magnetic matter, and Fe(s) can be collected as a plus sieve of a magnetic matter, respectively, moreover, 
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copper ~ Cu — a rich thing — as the plus sieve of a nonmagnetic object — aluminum — a rich thing is 

recoverable as a minus sieve of a nonmagnetic object. 

[0025] 

[Effect of the Invention] 

(1) Valuables are recoverable by one crushing of a used lithium cell. 

(2) Since the whole quantity of a used lithium cell is not crushed, the burden of crushing is mitigated. 

(3) Since purity is 38% or more, the amount of [ which were collected ] cobalt is usable as a cobalt raw 
material. In addition, although little aluminum is going together, it is simply removed by oxidation. 

(4) Since the collected iron has high Fe purity, it is usable as all iron sources. 

(5) The copper content collected as a nonmagnetic object serves as a raw material of copper refinement, 
such as a converter and an autogenous welding furnace, however, Cu — rich — a part — aluminum — rich — a 
part — classifying is desirable and it is desirable that the former considers as PS converter and the latter 
considers as the raw material of an autogenous welding furnace in respect of refinement operation. 

(6) Although valuable metal purity is high in each recovery ingredient as mentioned above, magnetic 
separation can be managed at once. 

(7) If it collects above, when this invention approach will be enforced, there are few running costs, since a 
crusher and a magnetic separator can also be managed each with one set, there is also little plant-and- 
equipment investment cost, and a recovery ingredient is also very worthy and fits the sale to an ingredient 
manufacturer, an iron and steel maker, and non-iron refinement business. 

[Translation done.] 
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DRAWINGS 



[ Drawing 1] 




3 >T + - 



[Translation done.] 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 1 7 of Patent Law 
[Section partition] The 1 st partition of the 7th section 
[Publication date] March 16, Heisei 13 (2001. 3.16) 

[Publication No.] JP,10-74539,A 
[Date of Publication] March 17, Heisei 10 (1998. 3.17) 
[Annual volume number] Open patent official report 1 0-746 
[Application number] Japanese Patent Application No. 8-231679 
[The 7th edition of International Patent Classification] 

H01M 10/54 

B09B 5/00 ZAB 

C22B 7/00 

23/00 

[FI] 

H01M 10/54 

C22B 7/00 C 

23/00 

B09B 5/00 ZAB A 

[Procedure revision] 

[Filing Date] October 27, Heisei 1 1 (1999. 10.27) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0009 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0009] Next, a roast object is crushed. It is the actuation make it easy for this crushing to have the above- 
mentioned various gestalten, and to arrange a roast object with a various dimension with a moderate 
dimension, to separate what is maintaining the structure of a cell to material gestalten, such as powder, a 
plate, and a foil, and to divide into a magnetic matter and a nonmagnetic object by the following magnetic 
separation. As a crusher, although not limited, a 1 shaft crusher etc. can be used preferably. Moreover, 
crushing is JIS. Z It is desirable to make it set to less than 20mm by the standard sieve of 8801 . In crushing 
by this invention method after roast, in order to crush the cell whose weight does not crush the cell itself 
directly, but is once crushed to some extent by roast, and is decreasing, the burden of crushing is mitigated. 
Moreover, since almost all rates are metals and a roast object does not almost have carbon with difficult 
crushing, and the organic substance, the burden of crushing is mitigated even in this field. 
[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0016 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0016] 
[Table 2] 
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Cu 


Co 


Fe 


A 1 




1.0 


19.0 


52.0 


1.2 


mmt 


0.06 


1.14 


3.1 


0.1 




8 


95 


91 


25 



[Translation done.] 
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